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The assessment of the performance of various local and imported steel 
reinforcements in aqueous media will contribute to the level of their 
engineering uses by assessing the degree of their deterioration thereby 
safeguarding the possible failures of structural elements whereby they are 
used. This study investigated the properties and durability of both local 
and imported steel reinforcing bars in Nigeria. Weekly durability assess-
ments in terms of yield, tensile strength and modulus of elasticity for both 
local and foreign steel specimens were evaluated to compare the level 
of deterioration when fully immersed in distilled water, and in aqueous 
solutions (5% solution of H2SO4, HCl, NaOH, and Na2SO4 in distilled 
water over a period of six weeks. The severity of aqueous solutions on 
the tensile strength was in the order HCl> H2SO4 >NaOH> H2O > Na-
2SO4, and HCl> H2SO4>NaOH> Na2SO4> H2O for imported and local 
respectively. In conclusion, though the imported bars marginally satisfied 
the ASTM and BS standards in strength except in durability, but local 
steel bars did not meet the two requirements. 
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1. Introduction
Steel is the most commonly used reinforcements in concrete structures [1], steel reinforcements are generally classified as local and foreign reinforce-
ments depending on where they are manufactured. Steel 
reinforcements are often exposed to harsh conditions 
depending on the environment where they are stored and 
where they are used. These environments have effect on 
the physical and mechanical properties of the steel [2]. It is 
therefore vital to examine the changes in the physical and 
mechanical properties of the commonly used steels, local 
or foreign, in adverse environment. Since steel has been 
found and adjourn good tensile material in construction 
work and widely used in reinforced concrete [1, 2]. This 
research investigated the changes in tensile strength and 
modulus of elasticity of the commonly used steel in Nige-
ria in aqueous solution, NaOH, HCl, H2SO4, Na2SO4 and 
in water.
In developing countries, Iron and Steel plays principal 
role in the industrialization and in basic infrastructural 
development [3]. Though, Nigeria has the potentials of 
becoming a regional economy in the west sub-region, the 
economy of the country cannot be strong and vibrant with-
out the growth in its iron and Steel industries [4]. The raw 
material for the production of steel are readily available 
in Nigeria, but not as production as it should have been, 
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due to poor funding, implementation and less political 
will of the government. The steel reinforcing bar required 
for structural concrete is partly produced by the country's 
inland rolling mills while the balance is sourced through 
importation. However, the few steel companies that are 
in operation, though with low capacities, depend on re-
cycling of scrap iron and steel obtained mostly as solid 
wastes [4, 5]. Establishments in this industry produce steel 
by melting iron ore, scrap metal, and other additives in 
furnaces [6]. Steel is the center of the world economy, and 
the industries adopt approaches that enhance sustainable 
development, striving to meet the present needs, without 
compromising the ability of future generations to meet 
their own needs. It also becomes a permanent resource to 
the society because it is 100% recyclable without loss of 
quality and has a potentially endless life cycle. Lim. S. et. 
Al [7] reported that the severity of damage due to corrosion 
on reinforced concrete (R.C) structures primarily depend-
ed on the magnitude and location of the steel, residual 
steel cross-section, concrete strength and deteriorated 
bond interface.
Corrosion of steel is an electrochemical process [8] 
which causes the degradation of material.  When the steel 
structures are exposed to the extreme atmosphere, espe-
cially marine and highly polluted industrial environment, 
they are subjected to corrosion [8, 9]. The roles of Chloride 
ion in steel/iron’s corrosion was assessed from the view-
point of developing the concept that would lead to a gen-
eral explanation that experimental observations relating 
to how factors like: the oxygen, concentration, cations, 
temperature, and pH interplay in corrosion of steel [9]. 
Corrosion is the basic means by which metals deterio-
rate on contact with water (and moisture in the air), acids, 
bases, salts, oil, aggressive polishes, and other solid and 
liquid chemicals. Corrosion refers to a process required in 
the deterioration or degradation of metal components such 
as rusting of steel. It is the chemical attack or electro-
chemical reaction between a material, usually metal, and 
its environment that produces a deterioration of material 
and it properties [10]. Corrosion of reinforcing steel and 
other concealed metals is the leading cause of deteriora-
tion in concrete [11]. Corroded steel allow the rust to occu-
pies more space than the steel and also create expansion 
in the concrete, that can lead to cracking, spalling and 
delamination [11, 12]. However, there is Corrosion Inhibitors 
(CIs), which are substances, inputted into an aggressive 
environment to reduce the rate of corrosion of metallic 
materials by inducing a change at the solid/liquid interface 
[12, 13]. This method of corrosion check is commonly used 
in manufacturing and production industries, and is also 
developed for a variety of applications [13, 14, 15].
2. Methodology
The method used in carrying out this research work is 
laboratory tests. The laboratory tests includes the mechan-
ical properties of the steel rebars which comprises the 
compressive, flexural and shear strength test on high yield 
steel and the chemical behavior of such rebars under vary-
ing host environment such as sodium sulphate (Na2SO4), 
hydrochloric acid (HCI), tetraoxosulphate VI (H2SO4) 
acid, sodium hydroxide (NaOH), and distilled water (H2O) 
in order to study the resistance to corrosion of the steel 
types. The hydraulic universal testing machine was used 
for tensile, compression, bending and shear tests of met-
als. High yield reinforcing Steel bars was studied through-
out the investigation at the Structural Engineering Labo-
ratory of Department of Civil Engineering, University of 
Lagos. With the aid of Venire caliper the diameter of the 
specimen of 600 mm long was measured at several points 
along its length in order to determine the real size of spec-
imen. Using the jig and punch, gauge-mark of 100 mm 
was made on each specimen. The specimen was inserted 
into the Avery Universal Testing Machine (UTM) with 
maximum capacity of 500 kN and a small load applied to 
take up the slack. A gradually increasing load was applied 
at the rate of 0.1 N/mins while taking the readings of load 
and extension at regular intervals of load using the divid-
ers to measure the extension until the specimen fractured. 
The maximum load and the fracture load were recorded. 
The tested specimen was removed from the machine and 
the diameter at the neck measured. The two parts were 
placed together and the final length was measured. The 
rate of corrosion of steel reinforcement was determined by 
process of mass loss. 
The selected solutions are: distilled water (H2O) and 5% 
solution each of sodium sulphate (Na2SO4), hydrochloric 
acid (HC1), tetraoxosulphate (VI) acid (H2SO4) and sodi-
um hydroxide (NaOH), prepared in the Structural labora-
tory of Department of Civil and Environmental Engineer-
ing at University of Lagos, Akoka. Thirty specimens of 
600 mm long steel rods each of local and imported 12 mm 
steel rebars were weighed using the electrical weighing 
balance to know the initial weight of the specimens. Each 
of the solution prepared was divided into three to make 
fifteen groups in all. Each part of the specimens was to-
tally immersed in water and the solutions in a cylindrical 
mould and kept in the laboratory for six weeks. Measure-
ments were taken every week to determine the deterio-
ration of steel bars thereby recording the mass loss and 
deterioration trend over 6 weeks. Mechanical behavior of 
different specimens after complete immersion for 6 weeks 
was carried out in the laboratory.
DOI: https://doi.org/10.30564/jaeser.v2i2.680
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3. Results and Discussion
The tensile strength parameters namely: yield strength (YS), 
ultimate tensile strength (UTS) and Young’s modulus (YM) 
were investigated for the local and imported steel bar spec-
imens for the 6-week study. The results are presented in are 
presented in Figures 1 and 2. The average yield strength 
in air for imported and local steel bars were 490 N/mm2 
and 364 N/mm2 respectively. NaOH which had no obvious 
colour change clearly affected the tensile properties of the 
steel rebars. The severity of the aqueous solution on the 
YS of imported bars is in the order HCl> H2SO4 >NaOH> 
H2O > Na2SO4 for imported bars. For the imported steel, 
the percentage loss of YS at the end of the 1st and 6th week 
were 2.0 - 4.0% (Na2SO4), 2.6 – 5.0% (H2O), 3.6 – 6.0% 
(NaOH), 4.2 – 7.6% (H2SO4), and 5.4 – 8.2% (HCl). The 
yield strength dropped by 2.8 N/mm2 per week (HCl), 3.4 
N/mm2 per week (H2SO4), 2.4 N/mm
2 per week (NaOH), 
2.4 N/mm2 per week (H2O), and 2.0 N/mm
2 per week (Na-
2SO4). Conversely, the harshness of the aqueous solution is 
in the order H2SO4 ≥ HCl>NaOH ≥ Na2SO4> H2O for local 
steel bars. The yield strength of local steel bar specimens 
dropped by 2.4 N/mm2 per week (HCl and H2SO4), 2.2 N/
mm2 per week (NaOH and Na2SO4), and 1.2 N/mm
2 per 
week (H2O). The percentage loss of YS at the end of the 1st 
and 6th week were 0.5 - 2.2% (H2O), 3.0 – 6.0% (Na2SO4), 
3.3 – 6.6% (NaOH), and 4.4 – 7.7% (HCl and H2SO4). 
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Figure 1. Weekly yield strength of (a) imported and (b) 
local bars immersed in corrosive environment
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Figure 2. Weekly ultimate tensile strength of (a) imported 
and (b) local bars immersed in corrosive environment
With reference to Figure 2, the extent of deteriora-
tion measured in terms of the UTS on the imported steel 
rebars was H2SO4(6.5%)> NaOH(5.7%) > H2O(5.0%) 
> HCl(4.7%) > Na2SO4(1.3%). While HCl(4.1%) 
> NaOH(2.7%) > H2SO4(2.5%)> Na2SO4(1.8%) > 
H2O(1.8%) for local steel bars. 
With the exception exposure of rebars specimens to Na-
2SO4 solution, the aqueous solutions was averagely about 
87% more severe on imported bars than the local bars in 
terms of loss of UTS. The results of the tensile strength 
properties of TMT bars for YS, UTS and percentage elon-
gation were in the ranges 481.5 – 508.0 N/mm2, 582.9 – 
621.5 N/mm2, and 13.3 – 14.7% respectively (see Figures 
3 to 6). Contrary to the local bars, the minimum and max-
imum strengths of TMT bars correspond to 20 mm and 10 
mm bar sizes respectively. All bar sizes except 12 mm did 
not satisfy the minimum stress ratio requirement value of 
1.08 as specified by BS 4449 (2001). The imported bars 
exhibited tensile strength properties in the ranges 470.8 
– 531.8 N/mm2, 591.3 – 626.4 N/mm2, and 14.7 – 15.5% 
respectively. All bar sizes satisfied the minimum stress ratio 
requirement value of 1.08 as specified by BS 4449 (2001).
The exposure condition obviously affected the Young’s 
Modulus (YM) of the steel bars as shown in Figure 7. The 
DOI: https://doi.org/10.30564/jaeser.v2i2.680
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modulus of elasticity of imported and local steel samples 
decreased linearly with the duration of exposure. Aside 
natural moisture, that is water environment, where import-
ed bars percentage loss of YM was about twice the local 
types, other aqueous chemical exposures were averagely 
about 54% more severe on local bars than the imported in 
terms of loss of YM. The degree of deterioration measured 
in terms of the loss of elastic modulus of the imported 
steel bars was HCl(5.3%) > H2SO4(3.9%)> NaOH(3.4%) 
> H2O(2.1%) > Na2SO4(1.3%), while HCl(5.8%)> 
H2SO4(5.6%)> NaOH(4.5%) > Na2SO4(4.4%) > H2O(1.0%) 
for the local steel bars.
Strain (ε)
Figure 3. stress strain curve for 10 mm of local and for-
eign steels
Strain (ε)
Figure 4. stress strain curve for 12 mm of local and for-
eign steels
Strain (ε)
Figure 5. stress strain curve for 16 mm of local and for-
eign steels
Strain (ε)
Figure 6. stress strain curve for 20 mm of local and for-
eign steels
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Figure 7. Weekly Young’s Modulus of (a) imported and (b) 
local bars immersed in corrosive environment
4. Conclusion  
From the study conducted, the following conclusions can 
be drawn: 
(1) All the steel bars experienced reaction with the 
aqueous solutions and water characterized by colour 
changes in all the solutions except NaOH solution where 
DOI: https://doi.org/10.30564/jaeser.v2i2.680
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no visible reaction took place as H+ ions in the aqueous 
solution could not displaced Na+ ions which are higher in 
the electrochemical series.
(2) The severity of aqueous solutions on tensile 
strength of the steel reinforcements was in the order HCl> 
H2SO4 >NaOH> H2O > Na2SO4 and HCl> H2SO4>NaOH> 
Na2SO4> H2O for imported and local respectively, Figures 
1 and 2. 
(3) The mean percentage loss of tensile strength over 
exposure duration of six weeks were 6.5% (H2SO4), 5.7% 
(NaOH), 5.0% (H2O), 4.7% (HCl), and 1.3% (Na2SO4) for 
the imported steel bars, while 4.1% (HCl), 2.7% (NaOH), 
2.5% (H2SO4), 1.8% (Na2SO4), and 1.8% (H2O) for the 
local bars.
(4) The mean percentage loss of UTS over exposure 
duration of six weeks were 5.3% (HCl), 3.9% (H2SO4), 
3.4% (NaOH), 2.1% (H2O), and 1.3% (Na2SO4) for the 
imported steel bars, while 5.8% (HCl), 5.6% (H2SO4), 
4.5% (NaOH), 4.4% (Na2SO4), and 1.0% (H2O) for the 
local reinforcements.
(5) The yield stress YS, ultimate tensile stress, UTS 
and young modulus of elasticity, EM for imported were 
2.70, 1.85 and 2.70%, while local bars had 3.0, 2.17 and 
3.0% respectively.
(6) The percentage loss of YM was about twice the lo-
cal types in water.
(7) The percentage loss of YM was about 54% higher 
for the local steel in aqueous solutions.
(8) The degree of deterioration measured in terms of 
the loss of elastic modulus of the imported steel rebars 
was HCl> H2SO4 >NaOH> H2O > Na2SO4, while HCl> 
H2SO4 >NaOH> Na2SO4> H2O for the local steel bars.
5. Recommendations 
From the results of the research, the following recommen-
dations are hereby suggested:   
(1) It is imperative for design engineers to familiarize 
with the properties of construction materials especially 
reinforcing bars prior to design to forestall incessant pre-
mature failure and ultimate collapse. 
(2) A complete design output should contain, if possi-
ble, detailed specification of steel and other construction 
materials’ properties. 
(3) Concrete elements reinforced with local steel bars 
are vulnerable to harsh environment. Hence, local steels 
should be avoided in moderate-to-harsh host environ-
ments.
(4) Investigation should be conducted on the manu-
facturing process of all steel rolling and recycling com-
panies in Nigeria. All efforts must be geared towards the 
development of local codes of practice in line with locally 
available construction materials, exposure to environmen-
tal and operational conditions.
6. Contributions to Knowledge 
The contributions of this research to the body of knowl-
edge is three-fold namely quality control, maintenance of 
structural integrity and development of national code of 
practice cannot be overemphasized:  
(1) The tensile strength properties of steel bars in air 
and after immersion in liquids would inform engineers, 
infrastructure managers/client professional organization 
and other stakeholders of the adequacy and limitations 
of the rebar types for structural engineering application. 
The Standards Organization of Nigeria (SON) and other 
relevant professional bodies could work together to ensure 
improvement in the quality of materials supplied to build-
ing and civil engineering industries. 
(2) Corrosion assessment of rebar is very essential to 
predict the behavior of reinforced concrete structures in 
different host environmental conditions. It also highlights 
the limitations of the local rebar. Hence, the findings 
would address permissible nominal cover for different 
host environment to prevent deterioration of steel rein-
forcement under chemical attack and in water. 
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